Development of chromogenic receptors for biologically important substrates is one of the current research topics in analytical chemistry and biochemistry. A wide variety of chromoionophores for cations such as alkali and alkaline-earth metal ions 1 as well as amines 2, 3 have been reported. In contrast, only a few chromoionophores have been reported for the colorimetric determination of anions in solution. [4] [5] [6] [7] In design and fabrication of new anion receptors for applications in aprotic media [8] [9] [10] [11] , the (thio)urea group as hydrogen bond donor has recently drawn much interest as a functional group for neutral receptors to recognize mono-and dicarboxylate anions, halide anions, sulfate, as well as dihydrogenphosphate etc. 6c, [9] [10] [11] [12] [13] [14] [15] [16] [17] Wilcox et al. 17 have recently shown substituent effects in arylthiourea upon binding with a zwitterionic sulfonic acid in chloroform. In their study, some of the aryl(thio)ureas with a nitro group were found to show changes in their UV-Vis spectra upon complexation. However, these spectral changes were only utilized to assess association strengths, and no further studies of these materials as chromogenic anion receptors have been reported.
We now report herein a very simple anion receptor 1 in which a p-nitrophenyl group is linked to a methylthiourea moiety. In this type of donor-acceptor chromophore, the electronic excitation is mostly accompanied by a charge transfer from donor nitrogen of the thiourea to acceptor substituent (-NO 2 ) of the chromophore. 18 Thus, the excited state would be more strongly stabilized by anion binding, resulting in a bathochromic shift in the absorption maxima (l max ). Introducing the electron withdrawing substituent enhances the acidity of thiourea moiety, receptor 1 strongly binds with anions to produce an effective color change in aprotic media.
Experimental

Chemicals and instruments
All guest anions were commercially available as tetrabutylammonium salts and purified by recrystallization as described elsewhere. 16 Spectrometric grade acetonitrile was purchased from Nacalai Tesque, Inc.
(Kyoto, Japan), and dried over molecular sieves 3A. 1 H NMR spectra were obtained on a JEOL a-500 spectrometer (500 MHz; JEOL DATUM, Tokyo, Japan). All chemical shifts values (d) are reported in parts per million (ppm), using the residual solvent signal (2.49) of DMSO-d 6 as reference. Absorption spectra were recorded at 25˚C with a Hitachi U-3000 spectrophotometer (Hitachi, Ltd., Tokyo, Japan). (1) p-Nitroaniline (2.0 g, 14 mmol) was dissolved in ethanol-triethylamine (dried over molecular sieves 4A, 220 ml) and a solution of methyl isothiocyanate (9.1 g, 124 mmol) in ethanol (5 ml) was added slowly. The reaction solution was stirred for 47 h at 80˚C, and then the solvent was evaporated. Repeated recrystallization from ethanol gave the product as pale yellow crystals (0.30 g; 10%). 1 
Synthesis of N-methyl-N´-(4-nitrophenyl)thiourea
Results and Discussion
The spectral characteristics of 1 were examined in acetonitrile in the presence of various anions as N(C 4 H 9 ) 4 + salt. Figure 1 shows a typical spectral change of 1 in acetonitrile upon addition of CH 3 CO 2 -. Increasing the acetate concentration produced a bathochromic shift in the l max from 340 nm to 365 nm with a shoulder absorption at around 450 nm, and the solution color changed from colorless to yellow. A clear isosbestic point was observed at 348 nm. This result demonstrates that a complex formation of 1 with CH 3 CO 2is taking place via hydrogen bonding to stabilize the electronic excitation state of the chromophore. A Job's plot for the binding of CH 3 CO 2by 1 has a clear maximum at molar fraction of 0.5, revealing a 1:1 complex formation stoichiometry. Non-linear regression (365 nm) with a 1:1 binding isotherm model 19 shows that the complexation constant of 1 for CH 3 CO 2reaches 10 5.7 dm 3 mol -1 in acetonitrile. Under the same condition, N-methyl-N´-(1-pyrenyl)thiourea binds this anion with an association constant of 10 3.8 dm 3 mol -1 . 6c In addition, the binding constant of a bis-thiourea receptor with CH 3 CO 2 -(as N(C 4 H 9 ) 4 + salt) was found to be 10 4.1 dm 3 mol -1 in a low competitive hydrogen bonding medium, 1,2-dichloroethane. 16 It is evident that the enhanced acidity of the thiourea proton by the introduction of an electron withdrawing substituent causes the anion binding extremely strong. 16, 17 As can be seen from Table 1 and Fig. 2 , the changes in the absorption spectra are clearly anion dependent. The magnitude of the complexation-induced bathochromic shift of the l max follows in the order of CH 3 CO 2 ->H 2 PO 4 ->Cl ->>ClO 4 -, reflecting the stabilities of the complexes. 16 It is interesting to note that little color change was observed at above 420 nm for Clcomplexation. Therefore, for example, even in the presence of 1.0 mM of Cl -, addition of H 2 PO 4resulted in a color change from colorless to yellow, and H 2 PO 4was detected by monitoring the change in UV-Vis absorption at 420 nm as a function of H 2 PO 4concentration, although the net absorbance decreased up to approximately 20% (Fig. 3 ). This interference is ascribed to the presence of Clcomplex (log K 11 =3.5) which reduces the concentration of H 2 PO 4complex (log K 11 =4.3) under the competitive condition. 16, 20 In summary, we have shown that the introduction of the p-nitrophenyl group into the thiourea moiety provides an effective intramolecular charge transfer conju- 596 ANALYTICAL SCIENCES JUNE 1998, VOL. 14 gated with anion binding to show color change and enhances the hydrogen bond ability, resulting in a strong anion binding. To our best knowledge, this system represents the most significant change in UV-Vis spectra for the anion binding among the synthetic receptors reported so far. Although the binding and colorimetric selectivities are still moderate for 1, further systematic survey of a series of thiourea receptors combined with chromophores would be promising for the fabrication of novel chromogenic anion receptors with a high selectivity for target anions.
